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ABSTRACT 

Although both tha producta and procaiaaa o£ 
tochnology hava provided aany naana for batter and faater learning at 
a lowar coat, technology haa not baen implenented enough in 
elenentery and aecondery achoola to aake a difference in overall 
productivity. Thia ia due to a baaic contradiction between the 
organisational structure of today's schools and the organisational 
structure necessary for the ioiplenentation of technology in a 
cost-effective manner. Studies documenting the use of technology in 
schools have found thatt (1) students use audiovisual and computer 
media a very small proportion of school tima) (2) software typically 
used does not match curriculum objectives; and (3) teachers choose 
simpler media because of the many complex tasks they must perform. 
Technology will never be able to improve cost-effectiveness as long 
as school structures are based on instruction being controlled and 
delivered by teachers. Hhat is needed is an instructional system in 
which: (1) classrooms are reorganised so that the tasks of teaching 
can be redistributed among different specialised workers; (2) 
computer-assisted instruction (CAI) and/or craputer-aided design 
(CAD) are used to reduce costs; and (3) materials that have been 
tested and validated can ba shared through mass media, rather than 
having each teacher design, produce, and implement materials just for 
his or her own classroom. (DJR) 
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INTRODUCTION 



At oonforencoB euoh as this one on educational T«ohnology» the 
tone lo usually uniCofmly poeltlver enphasliing the potentials of 
Edueatlonal Technology to i»prove teaching and learning. This ie 
certainly appropriate because there are indeea many ways in which the 
products o£ technology and the processes of technology can contribute 
to better education. 

However^ before we can isake an honestr accurate assessM'^nt of thu 
fUtUfg of educational Technology we have to take a hard look at its 
past and present, mien we do that we find a trail of unfulfilled 
promises. He find communication technologies such as film, radios 
and television which have achieved marvelous technical success and 
commercial success but which have made little impact on formal 
education. We find information technologies such as computers which 
have revolutionized many aspects of our lives in terras of their 
effects on banking, shopping, automobiles, and industrial 
productivity. But they still play only a peripheral role in schools. 

Looking deeper, we find technological DrocpBBi»ii such as the 
"systems approach** to instructional development, which has been 
adapted on a large scale in the United states for business, industry, 
and military training but which is hardly known yet in public 
schools. Zn short, the products of technology and the pcocesses of 
technology have provided many means for achieving better learning, 
faster learning, at a lower cost. These capabilities have been 
demonstrated in hundreds of cases on a trial banla . But in 
elementary and secondary schools technology has not been implemented 
widely, deeply, or permonently enough to make a difference in the 
overall oroduefciv<t-y of the organisation, why not? 

The theme of my presentation is that there is a basic 
contradiction between the organizational structure of today's schools 
and the organizational structure necessary for the implementation of 
technology in a cost-effective manner. 
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SyMPTOHS OP THE PRODLBH 

Many atudlea have doounented the low level of uae of teohnoloQy 
in Affleriean aohoolar aneng the noat recent are aurveye by seldnan 
(1986) and Snith ft Ingeraoll (1984ar 1984b). The general finding of 
sueh studies is that students are exceed to audiovisual and eofaputer 
media for a very small proportion of their school tine (less than 
101) and that the aoftware used typically doea not deal with central 
objectlvea of the curriculum. Regarding microcomputers, for example, 
the average American student has access to a terminal— on the 
average— for only a few minutea a day, and he is most likely to be 
using programs related to computer literacy (i.e. programming) or 
enrichment act.vities. 

Further, these studies indicate that teachers, when they do use 
technological media, tend to select simpler media rather than more 
complex media. As 1 shall point out later, this supports the 
"principle of least effort"— the idea t?hat humans in general tend to 
select means that require the least expenditure of effort. For most 
teachers most of the time, conventional methods— lecture, chalkboard, 
and seatwork— are perceived to require the leaat effort. 

There is also ample evidence to show sih^ teachers follow the path 
of least resistance. The job of "teacher* as it has evolved over the 
past 100 years has become exceedingly complex, elementary and 
secondary teachers are expected to play the roles of analyst, 
diagnostician, designer of instruction, evaluator, prescribnr, guide 
to discovery, role model, clerk, and accountant, to name just a few. 
It is no wonder that we observe a high rate of "dropout" and 
"burnout* in the teaching profession. In fact, in the o.S. we are 
approaching a crisis in terms of attracting and retaining able people 
in the teaching profession. 

But even if we were able to attract and hold good teachers, the 
economic forecasts for the future indicate that we will not be able 
to afford to pay them. The problem is that labor costs have risen 
about 7% per year over the past decade while the efficiency of that 
labor has rem&ioed virtually constant. Labor costs in education are 
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growing £dstef than public incent. Unites there ie sQm§ brtaitthfough 
tn productivity, education vUl eventually demand pore ^^oney than 
there le In the total national treasury. 

ANALYSIS or THE monhtiH 

Technology vlll never be able to be applied to instruction in 
auoh a way as to dramatically iaprove cost-effectiveness as long as 
the current "rules of the ga»e* re«ain in force. The very 
organisational structure of the school is based on the assunption 
that instruction is controlled and delivered by teachers* Further 
assuiBptions are thati 

a) students are clustered into relatively large groups 
(about 15-30 on the elenentary level r about 25-50 on the 
secondary level) in classroons 

b) each classrooia is supervised by one teacher 

c) each teacher is a nember of a rather hoaogeneous professional 
group in terns of training, certification, salary, and job 
description 

d) the teacher decides what will happen in the elassroon — who 
will receive what instructional treatnent at what tine. 

Under these conditions teachers are under heavy psychological and 
logistical pressure to expend their efforts as econonically as 
possible. Prediction of hunan behavior in such ci rcunstances can be 
guided by the rule stated in 1949 by George 2ipf as the "Principle of 
Least Bffortt* 

a person in solving his inacfdiate probleas will view 
these against the background of bis probable future 
problens, as estinated by hiaself • Moreover he will 
strive to solve bis probleas in such a way as to 
nininise the tPtfll WQCK that he nust expend In solving 
both his innediate probleas and his probable future 
probleas. (lipf, 1949, p. 1) 
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What does this imply tet ih© leaeher? Me would e»ptet t© gee the 
teacher nianafing his students ag a group (rather than as 
Individuals) » spending little ti»e In preparation, and choosinf 
convenient teaching pethods, that is, juiethodfe that are easy to 
delivof and that vili not proved© ffiore mtk for hlisgelf . 

A recent major study or life in A»triean high schools revealed 
oKaetly this pattern of behavior, Powell (19SI) spent three years 
visiting 15 high schoolSt eoppiling 1400 elassrooa observations and 
intervievs. He found that teachers dealt with their OKhausting task 
by i&aking several subtle aceoflpodations with their students. He used 
the shopping nail as an analogyt in the shopping nail high f ehool 
students have s wide variety of choice available in terns of 
curricular and extra-curricular opportunities. The availability of 
choices keeps the •consuner" happy but it also evades responsibility 
for guiding the student toward choices that are in his own and 
society's best interests. More iopoctantly, Lowell found that In 
the shopping nail high school teachers tended to forge unwritten 
treaties with their studentst t, the teacher, will not nake great 
denands on you, the student, if you don't nake great doMnds on ne. 
neither students nor teachers want to work harder, so a very low 
level of intensity is found on both sides. 

Looking at this organliatioaal situation fron the standpoint of 
the history of technology, Heinich (19S4) describes the position of 
teachers as analogous to oraftsaen working In a craft union. Each 
craftsnan has control of his own tools and decides when and how to 
use those tools in hand-crafting his own products. The authority to 
choose the neans of production is in the hands of the teachers. They 
ace rewarded or punished based on their own individual perforoance, 
not on the effectiveness of the total organization. Therefore, they 
have no incentive to recoaaend that a totally different systen of 
production bo introduced. Right now what we need in public education 
is a Modernised systea, one that is redesigned f roa the ground up la 
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If «§ ar© geiftf t© «@hifv@ frtdttr productivity in 
eiiuedllon we nted t© l»pltii@nfe dn i«ifcruetienil syifeet* that i§ 
dietndble to dfe l^ist Cynddii§nt#l ©ItRtotn ©f th© Induieridi 
il©voluil©ni divltiof) ©r idter *n<J ©conoity ©« 6e#l«, Thin wtans 
r«©rfanifdti©n ©f the '^iaesreoii e© that tht mt\y taeki ligtad ©afii@f 

8peelaliiatidna-*so»e ae diagnostif^i^. i^ gone ag ^teigners* gone as 
iectttfers* a©»© as tutors, eone as evaluatofs* and oo ©«• fo ©r^^r 
to t>© affofdablOf the total e©8t ©C thia ^otk wuat bo leas than in 
todays system. This can b© aehieved by using iRaohint mediation— ©.f. 
coApu£@f -aided design and eotei^tec-dssisted instruction^ ¥©lunteef8» 
and paraprofesalonals^ preserving a smaller nupber ©f highly 
qualified pr©feBBi©nal8 t© d© jobs that demand a high level ©f 
profosoi©nal Judgment. 

8ec©nd» the nev# nodernited instructional syaten sh©uld allow 
eccnoales of scale. This neans the distribution of well designed 
naterlalo over large nustbers ©f students, rather than having each 
teacher design, produce, and inplesKent sftaterlals Just within his own 
olassrooa. Replicable i»terials in the fern ©f film, radi©, 
televiaien, and ccuputer seftware are already widely available. 
These need t© be rig©r©usly tested in terns ©f their actual 
instructicnal validity and the best ctaterials shared ^Mdely threugh 
»ass nedia ©f di6tcibttti©n. Again, t© be affordable, the cost of 
such refined design and dlstributien must be included in the basic 
equation of the t©tal instructicnal systea. Keney must be saved ©n 
the laber side in ©rder t© fund technological delivery. 

Larry Cuban described the needed organisati©nal change 
ouccinctlyt 

T© align the clas6r©©a setting to a student-centered 
P«^9ogir« reformers will have to atUck the organisa- 
tional arrangements that largely govern teacher routines, 
that determine the use of time and space in scho©l8 and 
classrooms, and that shape how and by whom instructional 
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llondl ifraA9@8efl|g, refefntre tdftf le ^Uef the 

over cht last €9nlufy in r@if»9n§t to nlnd-ndn^lfif 
vorking con<Ilti©f»§ wiu f«ii, CC«tN»n, im# p. JO) 

rortufiit^iy, lh# ©ytlttits ©f tht fitw sehooi Offaniiatieial 
§tr»etuce of the 31§t Century are bt^inninf to enterfe. in an artiele 
pybUshed jgat a fe*# weette a^o* Douflas eilsen provides an eMtenaive 
directory of the alternative peda^o^ieal methods that *#ill be »i«ed in 
the school of the fixture* flls list is based on an analysis of 
hundreds of well controlled research stodlesi Or. illson ivas lookint 
for pedagogical techniques that consistently yielded achieveinent at 
loast UtJL&ft as high as conventional lecture instruction. Anong the 
techniques that are both nore effective and potentially less 
eiipensive are self-instructional programs* structured peer tutoring* 
prograimed teaching by paraprofessionala* and total systems developed 
through perfomance-bised design processes. 

eilson goes on to do an extensive analysis of each of the 
technologies in terms of its sensitivity to economy of scale. «ie 
calculations are too complicated to present here* but he enumerates a 
half doten instructional configurations that would cost far less per 
pupil-hour then today's conventional labor-intensive methods. 

There is also an available model for the overfill classroom 
organisation, ft has been developed by the Institute for 
International Research under the family nair« *loi«-cost learning 
technology*** a name describing various organisational echemes that 
have been tried out in a number of developii^g countries* including 
the Philippines* Liberia* Thailand* and others. The basic idea of 
low-cost learning technology involves differentiated staffing and a 
wide variety of small-group* large-group* And independent study 
techniques, instead of one teacher responsible for thirty stutento 
we find an instructional supervisor responsible for a hundred 
students with the assistanee of paraprofessionsls and volunteers. 
Ttie totml labor cost for this system is less than tbak for 
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fttidftd l>y §iffi#eluf#(l «ii«$fldlsi stydtfit-t©-iti*##«t (yidt jr»f fuiM fey 
mil dtsl9fi9d »iitf lal9i #fid ind@p9fiatnt study ^uldtil t»y 

Ifi s »y§tf« ©f mttt siyatflts #ecy»iiy e^tna wer© tim% l« 
^fSdAdUi«d eofitaefe with feut©rsi thtif in§tf«eti©#i Kj»ft dtiftifidlnf 
in fceiwa of required Interdett^i #nd it^tciriftls dnd t#c)inl^yt6 
«re »©re adapted to individual n#tds and afelliti^s, Actyai field 
ttitt Indleatt ttiat ttii« rochnolofy-^ged iysten y^tlds hifher 
a6)iioire»«nt than the former fiyfiten at lovtf cost Cio tli# ca§« of the 
FhilippifK^Sf loee tMr one-half the forifttf c©§t). 

The point ie that the adopt ioi?) and f«fine»ent of a nev Qlmmem 
oc^anitational sehtnto does not dei^nd a Itar into the yndnovn, Kany 
of the neans aie already availahle and well tested, What is needed 
ie to put the pieces together in a way that mU9s sense in a f Iven 
cultucal setting vitliin Its particular economic constraints, • ,and 
reinainlAg flenible to continual ada^aition as we ol»sefve the results. 



